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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The invention relates to an automated system and method 
for distinguishing dummy features from main features on a mask 
layer, thereby effectively using resource and cycle time. 

Description of the Related Art 

[0002] A typical wafer for an integrated circuit (IC) includes 
multiple layers formed on a substrate. These layers, each layer 
having a predetermined pattern thereon, can result in an uneven 
topography on the wafer surface. An uneven topography on one 
layer can have adverse effects on one or more subsequent layers. 
[0003] For example, Figure 1A illustrates a cross-section of an 
etched layer 100 on a wafer, wherein etched layer 100 includes 
two features 101 and 102. Feature 101 extends above a level 103, 
i.e. a protrusion, whereas feature 102 extends below level 103, 
i.e. an intrusion. If another layer 104 is formed on etched 
layer 10 0, as shown in Figure IB, layer 104 can also have an 
uneven surface due to the uneven topography of layer 100. The 
uneven surface of layer 104 can undesirably complicate 
lithographic processing on this layer because of light reflection 
or inadequate coverage over the "steps" in layer 100. 
[0004] A common technique used to counter the effects of an 
uneven topography is planarization. The goal of planarization is 
to ensure that subsequent lithographic results are independent 
from or, more realistically, much less dependent on the 
underlying wafer topography from previous layers. Planarization 
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is especially important for layers requiring critical dimension 
control. Specifically, an uneven topography could pose 
significant depth of focus problems, thereby rendering CD control 
across the wafer virtually impossible. 

[0005] However, planarization itself can cause problems on the 
wafer. For example, in one known planarization process shown in 
Figure 1C, a thick spin-on-glass (SOG) layer 105 can be formed on 
etched layer 100. After formation, SOG layer 104 is baked, 
thereby leaving substantially planarized silicon dioxide. The 
resulting surface, although significantly more even than layer 
104, still retains irregularities that can influence a subsequent 
lithographic process. For this reason, a chemo-mechanical polish 
(CMP) can be used to polish SOG layer 105. 

[0006] In a CMP process, a device mechanically polishes the 
surface of the wafer. Unfortunately, because of the underlying 
features in layer 100, such as features 101 and 102, the 
polishing of layer 105 can result in an uneven force being 
applied to certain areas of the surface of the wafer. In turn, 
this uneven force can cause some mechanical stress or even bowing 
of the wafer, thereby resulting in uneven polishing of the 
surface. Figure ID illustrates a recessed area 106 that could 
result from a CMP of layer 105. 

[0007] To prevent such recesses, dummy pillars can be placed on 
regions of the wafer where geometry density is low, thereby 
providing mechnical support during a CMP and thus preventing 
uneven polishing. For example, Figure 2 illustrates a top-level 
view of a layer 200 including two main features 201 and 2 02 and 
dummy pillars 203 and 204. The process of introducing these 
dummy pillars (hereinafter dummy features) is often referred to 
as Mummif ication" . 

[0008] During the mask design process, dummy features 2 03-2 04 are 
added after the layout design of main features 201-202. Of 
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importance, a GDS-II file for a mask layer can include multi- 
level information, thereby allowing main features 201-202 to be 
distinguishable from dummy features 203-204. However, this 
design information can then be mapped into a mask data 
preparation (MDP) language, which is a one-level file. In one 
embodiment, this mapping can be performed by the CATS™ tool, 
which is licensed by the assignee of the invention. Thus, after 
layout, dummy features 203-204 and main features 201-202 are 
effectively treated as one type of data. As a consequence, post- 
layout processing is applied globally to all features including 
the dummy features instead of selectively to only the main 
features. Examples of post-layout processes can include optical 
proximity correction (OPC) , placement of phase shifting 
structures, mask writing, mask fabrication, mask inspection, and 
mask defect correction. 

[0009] Applying such post-layout processes globally can result in 
wasted resources and cycle time. In some cases, unnecessary 
processing of dummy or other less important features can take up 
a significant portion or even the majority of the manufacturing 
cycle. Therefore, a need arises for a system and method of 
identifying features on a mask layer for post -layout processing. 

SUMMARY OF THE INVENTION 

[0010] In accordance with one feature of the invention, dummy 
features can be distinguished from main features using various 
automated techniques. These techniques can be advantageously 
applied to any post -layout mask process when dummy features are 
not separated from the main features in data representation. In 
general, a method of distinguishing a dummy feature from a main 
feature includes selecting a mask layer, providing a technique to 
identify the dummy feature on the mask layer, and applying the 
technique to the selected mask layer. The technique can be based 
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on information from multiple mask layers or geometric information 
from the selected mask layer. 

[0011] In a multiple mask layer technique, the information can 
include connectivity between the selected mask layer and the 
other mask layer (s). In one embodiment, this connectivity 
information can be provided by a contact or via layer. The 
information can also include a functional association between the 
selected mask layer and the other mask layer (s) . For example, 
functional association information can be provided by a 
polysilicon layer and a diffusion layer. 

[0012] In a geometric technique, the information can include 
determining a size or a shape of a feature, wherein the 
dummy/main feature can have a size greater than a predetermined 
size or can have a predetermined shape. In another case, 
dummy/main features can have a predetermined pattern, i.e. a 
certain shape and inter- feature spacing. In yet another case, a 
dummy/main feature can have a set proximity to another feature on 
the same layer. 

[0013] In one embodiment, information from both the multiple mask 
layer technique and the geometric technique can be used to 
identify a dummy/main feature. 

[0014] In accordance with another feature of the invention, an 
automated method of processing a mask layer for an integrated 
circuit is provided. The method includes identifying a plurality 
of main features and at least one dummy feature in the mask 
layer, then providing the processing only to the main features. 
The processing can include correcting for optical proximity, 
providing phase -shifting structures, mask fabrication, mask 
inspection, and correcting mask defects. 

[0015] In one embodiment, at least one of the main features 
includes an assist bar, i.e. an optical proximity correction 
structure. In another embodiment, the dummy feature can provide 
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mechanical support for an integrated circuit (IC) layer 
corresponding to the mask layer. For example, dummy features can 
be provided to protect the IC layer during a chemical mechanical 
polish (CMP) operation. In yet another embodiment, the dummy 
feature can improve the resolution of one or more main features 
on the mask layer as the features are transferred during a write 
operation onto the IC layer. For example, fake gates on a 
polysilicon mask layer can be used to improve the resolution of 
the gates on the IC layer. Thus, the fake gates can serve as 
printable optical proximity correction structures. In yet 
another embodiment, the dummy features can provide test patterns 
or identification markings for the IC layer. 

[0016] In accordance with another feature of the invention, a 
system for processing a mask layer for an integrated circuit is 
provided. The system can include means for receiving information 
regarding a feature of the mask layer, means for determining the 
feature is one of a main feature and a dummy feature based on the 
information, and means for identifying the feature as appropriate 
for further processing if the feature is a main feature and as 
inappropriate for further processing if the feature is a dummy 
feature. In one embodiment, the system further includes means 
for receiving user input regarding the information. 
[0017] In accordance with another feature of the invention, an 
integrated circuit is provided. The integrated circuit can 
include a plurality of main features and at least one dummy 
feature, wherein only the main features reflect post -fabrication 
processing. In one embodiment, the post-fabrication processing 
can include defect correction. Thus, unlike the prior art, the 
dummy features on the IC layer can include defects. 
[0018] In accordance with another feature of the invention, a 
program storage device readable by a machine is provided. The 
program storage device tangibly embodies a program of 
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instructions executable by the machine to perform method steps to 
analyze a mask layer for an integrated circuit. The method 
includes providing a technique to distinguish a main feature from 
a dummy feature in the mask layer and applying the technique to 
the mask layer. In one embodiment, the program storage device 
can further include means for receiving user input regarding the 
technique. The technique can include determining a feature size, 
a feature shape, a pattern from multiple features, or a proximity 
of a feature to another feature. The technique can also include 
using information from at least one other mask layer for the 
integrated circuit. This information can include connectivity 
between the mask layer and the other mask layer (s) or a 
functional association between the mask layer and the other mask 
layer (s) . 

[0019] In accordance with another feature of the invention, a 
computer program product is provided. The computer program 
includes a computer usable medium having a computer readable 
program code embodied therein for causing a computer to analyze a 
mask layer for an integrated circuit. The computer readable 
program code can include computer readable program code that 
receives information regarding a feature of the mask layer, 
computer readable program code that determines the feature is one 
of a main feature and a dummy feature based on the information, 
and computer readable program code that identifies the feature as 
appropriate for further processing if the feature is a main 
feature and as inappropriate for further processing if the 
feature is a dummy feature. In one embodiment, the computer 
readable program code can receive user input regarding the 
technique. The computer program product can further include 
computer readable program code that determines at least one of a 
feature size, a feature shape, a pattern from multiple features, 
and a proximity of the feature to another feature. The computer 
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readable program code can also use information from at least one 
other mask layer for the integrated circuit. The information can 
include connectivity information between the mask layer and the 
other mask layer (s) . Additionally, the information can include 
an association between the mask layer and the other mask 
layer (s) . 

BRIEF DESCRIPTION OF THE DRAWING 

[0020] Figure 1A illustrates a cross-section of an etched layer 
on a wafer, wherein the etched layer includes two features. 
[0021] Figure IB illustrates a second layer formed on the etched 
layer of Figure 1A, wherein the second layer can have an uneven 
surface due to the uneven topography of the underlying etched 
layer . 

[0022] Figure 1C illustrates a thick spin-on-glass (SOG) layer 
formed on the etched layer, wherein the SOG layer retains some 
surface irregularities . 

[0023] Figure ID illustrates a recessed area that could result 
from a chemo-mechanical polish of the SOG layer of Figure 1C. 
[0024] Figure 2 illustrates an IC layer including two main 
features and two dummy pillars placed on regions of the wafer 
where geometry density is low. 

[0025] Figure 3A illustrates a cross-sectional view of an 
inverter having first metal to p-diffusion, first metal to n- 
dif fusion, VDD substrate, and VSS substrate contacts. 

[0026] Figure 3B illustrates a first metal layer for implementing 
the inverter of Figure 3A. 

[0027] Figure 3C illustrates a contact layer for implementing the 
inverter of Figure 3A. 

[0028] Figure 3D illustrates a combined view of the first metal 
layer of Figure 3B and the contact layer of Figure 3C, thereby 
identifying certain first metal features as main features. 
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[002 9] Figure 3E illustrates a diffusion layer for implementing 
the inverter of Figure 3A. 

[0030] Figure 3F illustrates a combined view of the first metal 
layer of Figure 3B and the diffusion layer of Figure 3E, thereby 
identifying certain first metal features as main features. 
[0031] Figure 3G illustrates one geometry including a second 
metal feature being connected to a plurality of first metal 
features using vias, wherein the first metal features are in turn 
connected to polysilicon and diffusion features using contacts. 
[0032] Figure 3H illustrates a second metal layer for 
implementing the geometry of Figure 3G. 

[0033] Figure 31 illustrates a via layer for implementing the 
geometry of Figure 3G. 

[0034] Figure 3J illustrates a combined view of the second metal 
layer of Figure 3H and the via layer of Figure 31, thereby 
identifying certain second metal features as main features. 
[0035] Figure 3K illustrates a combined view of a first metal 
layer, a contact layer, and a via layer, thereby identifying 
certain first metal features as main features. 

[0036] Figure 4A illustrates a mask layer with various features, 
wherein a main feature has a predetermined width and a minimum 
length. 

[0037] Figure 4B illustrates a mask layer with various features, 
wherein a dummy feature has a predetermined shape. 

[0038] Figure 4C illustrates a mask layer with various features, 
wherein a dummy feature can be defined as a feature having a 
minimum proximity to any neighboring feature. 

[0039] Figure 5 illustrates a mask layer with an isolated main 
feature including optical proximity correction structures and a 
group of main features, wherein one feature in the group includes 
a defect. 
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[0040] Figure 6 illustrates a generic flowchart for using an 
identification technique in accordance with the invention. 
[0041] Figure 7 illustrates a mask manufacturing system in 
accordance with one embodiment of the invention. 



DETAILED DESCRIPTION OF THE FIGURES 

[0042] In accordance with one feature of the invention, various 
automated techniques can be used to distinguish dummy features 
from main features. The difference between a dummy feature and a 
main feature can be set by one or more definitions. In one 
embodiment, a dummy feature can be defined as the complement of a 
main feature having predetermined characteristics. In another 
embodiment, a main feature can be defined as the complement of a 
dummy feature having predetermined characteristics. In yet 
another embodiment, both dummy and main features can have 
predetermined characteristics. A technique can apply at least 
one definition for identifying a dummy/main feature on a mask 
layer. The technique used can vary from one mask layer to 
another mask layer. As described in further detail below, the 
techniques can be advantageously used during any post -layout 
process for manufacturing a mask. 

[0043] The detailed description will focus on the identification 
of dummy features primarily with reference to GDS-II formatted 
data files. However, embodiments of the invention can operate 
equally well with other data formats. This may be particularly 
necessary for embodiments of the invention that operate on 
fractured data files (e.g. data prepared for mask making 
fabrication equipment). For example, the CATS™ tool, licensed by 
the assignee of the invention, can read in a GDS-II format IC 
layout and fracture the data for mask fabrication. During the 
fracturing process, the CATS™ tool may modify the layout to, 
among other things, improve mask manuf acturability . As such, 
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during mask inspection and mask defect correction, the original 
GDS-II data file may not be available or if available may no 
longer be an accurate reference point. As such, embodiments of 
the invention can identify dummy features in a number of 
different data formats including fractured data formats, mask 
electron beam exposure systems (MEBES) formats, vendor-specific 
mask writing formats, vendor- specif ic mask inspection formats, 
and/or other appropriate data formats. 

[0044] Discussion and reference to GDS-II formats are therefore 
exemplary only. Discussion of GDS-II specific features, e.g. 
multiple layers, should be understood as examples. Specifically, 
a single GDS-II file might contain information that is ultimately 
used to produce multiple masks. Therefore, in an embodiment of 
the invention working on MEBES data, the information about which 
layer the mask is to be used could be associated with the MEBES 
data, even though it is not stored in GDS-II format and is not 
directly a part of the MEBES format. 

Identification Technique Using Multiple Layers 

[0045] In one technique, combining information from multiple mask 
layers can quickly and accurately identify dummy/main features. 
This information can include connectivity information or 
functional association information. For example, a metal 
geometry in a design layout is typically used to connect two 
points. Specifically, each main feature in a metal layer 
connects to either a contact or a via to make an electrical 
connection to another feature in another layer. Thus, if a 
feature in a metal layer does not overlap at least one contact or 
via, then that feature is not carrying any electrical signal and, 
by definition, is not a main feature and can be identified as a 
dummy feature . 
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[0046] In the case of a mask for a first metal layer, the 
information from two mask layers can be compared: the first metal 
layer and a contact layer. As known by those skilled in the art, 
contacts can provide direct connection of first metal features 
with the active regions of a transistor. Thus, contacts can 
include first metal to p-diffusion and first metal to n-diffusion 
connections. Additionally, contacts can include first metal to 
polysilicon connections, as well as VDD and VSS substrate 
connections . 

[0047] Figure 3A illustrates a cross-sectional view of an 
inverter 300 having first metal to p-diffusion, first metal to n- 
dif fusion, VDD substrate, and VSS substrate contacts. In 
inverter 3 00, the source/drain (p+) regions 313 7 of a p-type 
transistor are formed in an n-well 314', whereas the source/drain 
(n+) regions 315 ' of the n-type transistor are formed in a p- 
substrate 311'. A first metal feature 303' provides a VDD 
substrate connection to an n+ diffusion area 312' via contact 
305' as well as a first metal to p-diffusion (i.e. the source of 
the p-type transistor) connection via contact 306' . A first 
metal feature 3 04' provides a VSS substrate connection to a p+ 
dif fusion area 316' via contact 310' as well as a first metal to 
n-diffusion (i.e. the source of the n-type transistor) connection 
via contact 309'. Finally, a first metal feature 302' provides a 
first metal to p-diffusion (i.e. the drain of the p-type 
transistor) connection via contact 307' as well as a first metal 
to n-diffusion (i.e. the drain of the n-type transistor) 
connection via contact 308'. Note that in inverter 300 the gates 
of the n-type transistor and the p-type transistor are coupled. 
Therefore, these gates are represented in Figure 3A by one 
polysilicon feature 301' . 

[0048] After designing the first metal layer to implement 
inverter 3 00, dummy features can be placed on the first metal 

11 



NTI-024 PATENT 

layer. In one embodiment, these dummy features can eliminate 
mechanical stress on the wafer during a CMP. For example, Figure 
3B illustrates a first metal layer for implementing inverter 300. 
The first metal layer includes a plurality of first metal 
features 302, 303, 304, 321, and 322 (wherein first metal 
features 302, 303, and 304 on the mask layer correspond to first 
metal features 302', 303', 304' of physical inverter 300). 
[0049] In one embodiment, the information from the first metal 
layer and from a contact layer can be combined to facilitate the 
identification of dummy/main features. Figure 3C illustrates a 
contact layer for implementing inverter 300 including contacts 
305-310. The combination of the information from these mask 
layers, shown in Figure 3D, identifies the overlap of first metal 
structures with contacts. Specifically, any overlap indicates a 
main feature, whereas a lack of overlap indicates a dummy 
feature. As shown in Figure 3D, first metal feature 302 overlaps 
contacts 307 and 308, first metal feature 303 overlaps contacts 
305 and 306, and first metal feature 304 overlaps contacts 309 
and 310. Therefore, first metal features 302, 303, and 304 are 
identified as main features. In contrast, metal features 321 and 
322 have no overlap with any contacts. Therefore, in this 
technique, metal features 321 and 322 can be considered dummy 
features. Thus, the combination of the information from the 
first metal layer and the contact layer can identify main/dummy 
features on the first metal layer without requiring detailed 
knowledge of the exact functions of those features. 
[0050] Information from other layers can also be used to identify 
main/dummy features on the first metal layer. For example, 
Figure 3E illustrates a diffusion layer for inverter 300 
including n+ diffusion regions 312 and 315 as well as p+ 
dif fusion areas 313 and 316. The diffusion regions in a 
substrate indicate active regions on the chip. Therefore, the 
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overlap of first metal features with diffusion regions can also 
identify main features. 

[0051] Figure 3F illustrates the combination of the information 
from the first metal layer (Figure 3B) and the diffusion layer 
(Figure 3E) . As shown in Figure 3F, first metal feature 3 02 
overlaps diffusion regions 313 and 315, first metal feature 303 
overlaps diffusion regions 312 and 313, and first metal feature 
304 overlaps diffusion regions 315 and 316, thereby indicating 
that first metal features 302, 303, and 304 are main features on 
the first metal layer. In contrast, first metal features 321 and 
322 have no overlap with any diffusion regions. Therefore, first 
metal features 321 and 322 can be considered dummy features on 
the first metal layer. Thus, the combination of the information 
from the first metal layer and the diffusion layer can also 
identify main/dummy features on the first metal layer. 
[0052] In current CMOS chip design, a second, third, or fourth 
layer of metal can also be used. Connecting a second metal 
feature to a first metal feature can be done using a via. 
Similarly, connecting a third metal feature and a fourth metal 
feature to a second metal feature and a third metal feature, 
respectively, can also be done using vias. For example, Figure 
3G illustrates a geometry 340 including a second metal feature 
330' being connected to first metal features 331' and 332' using 
vias 333' and 334 7 , respectively. First metal features 331' and 
332', in turn, can be connected to a diffusion area 335' and a 
polysilicon feature 337' using contacts 336' and 338' , 
respectively. 

[0053] A via layer, like a contact layer, can also identify 
main/dummy features on a metal layer. For example, Figure 3H 
illustrates a second metal layer for implementing geometry 340, 
wherein the second metal layer includes a plurality of second 
metal features 330, 341, and 342. In one embodiment, the 
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information from this second metal layer and from a via layer can 
be combined. Figure 31 illustrates a via layer for implementing 
geometry 340 including vias 333 and 334. The combination of the 
information from these layers, shown in Figure 3 J, indicates the 
overlap of second metal structures with vias, wherein an overlap 
indicates a main feature and a lack of an overlap indicates a 
dummy feature. In this manner, second metal feature 33 0 can be 
identified as a main feature, whereas second metal features 341 
and 342 can be identified as dummy features. 

[0054] In another embodiment, information from three or more 
layers can be combined. For example, Figure 3K illustrates a 
combined view of a first metal layer having features 331 and 332, 
a contact layer having contacts 336 and 338, and a via layer 
having vias 333 and 334. In this example, an overlap of a first 
metal feature with at least one of a contact and a via would 
identify the first metal feature as a main feature. In Figure 
3K, first metal feature 331 has an overlap with contact 334 and 
via 333, and first metal feature 332 has an overlap with contact 
338 and via 334. Therefore, both first metal features 331 and 
332 are identified as main features. 

[0055] Note that the selection of the mask layers is dependent on 
a known connectivity or functional association of the main/dummy 
features on one mask layer to features on other mask layers. 
Thus, for example, if main features on a polysilicon layer are 
desired to be identified, then the information on the polysilicon 
layer can be combined with information from a diffusion layer 
(i.e. defining a functional association of a polysilicon gate to 
source/drain diffusion regions) as well as from a via layer (i.e. 
defining connectivity to second metal features, for example) . In 
this manner, main features, e.g. polysilicon gates for 
transistors, can be distinguished from polysilicon that is merely 
used to improve the resolution of the printed polysilicon gates 
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on a corresponding IC layer, also called "fake gates" . In other 
words, the fake gates function as printable assist features. In 
another example, a test feature may have a connectivity and/or a 
functional association with a feature on another mask layer. 
However, additional information may be needed to determine 
whether the connectivity and/or functional association is "real" . 
Therefore, in one embodiment of the technique, additional mask 
layers can be used to confirm a preliminary identification of a 
dummy/main feature. 

Identification Technique Using Geometry 

[0056] The geometry of one or more features on a mask layer can 
be used to identify a main/dummy feature in another technique. 
Geometric definitions can be based on, for example, feature size, 
feature shape, feature proximity, feature pattern, or a 
combination of any of the above. 

[0057] In one embodiment, the size of the feature can distinguish 
a main feature from a dummy feature. For example, a main feature 
can be defined to have a width of 0.25 microns and a length of at 
least 2.0 microns. Thus, whatever feature meets this definition 
is identified as a main feature and, logically, whatever feature 
fails to meet this definition is identified as a dummy feature. 
[0058] Figure 4A illustrates a mask layer 400 including features 
401, 402, 403, and 404. Assume that feature 401 meets the given 
definition of a main feature by having a width of 0.25 microns 
and a length of approximately 7.0 microns. Assume further that 
feature 4 02 has a width of 0.5 microns and a length of 
approximately 3.0 microns. In other words, although feature 4 02 
meets the length requirement, feature 4 02 exceeds the width 
requirement. Therefore, feature 402 would be identified as a 
dummy feature. Assume that features 403 and 404 meet the width 
requirement of 0.25 microns, but are only 1.0 microns long and 
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thus fail to meet the length requirement. Therefore, features 
4 03 and 4 04 would also be identified as dummy features. 
[0059] In another embodiment, the shape of the feature can 
distinguish a main feature from a dummy feature. For example, a 
dummy feature can be defined to have a shape of a hexagon, i.e. a 
polygon of six angles and six sides. In one embodiment, if a 
feature has a shape other than a hexagon, then that feature is a 
main feature. Figure 4B illustrates a mask layer 405 including 
features 401 and 406-411. In Figure 4B, each of features 406-411 
has a shape of a hexagon and therefore each is identified as a 
dummy feature. In contrast, feature 401 does not have a shape of 
a hexagon and therefore is identified as a main feature. 
[0060] Note that the shape of a dummy feature is not limited to 
hexagons. For example, the shape of a dummy feature could be 
defined as a rectangle having a width of 0.25 microns and a 
length of 1.0 microns. Therefore, because features 403 and 404 
(Figure 4A) meet the shape definition, these features would be 
identified as dummy features. In another example, the shape of a 
dummy feature could be defined as any square having at least a 
predetermined size. In fact, the shape definition for a dummy 
feature can include any type of shape, wherein a shape can be 
defined by the number of angles/sides as well as measurements 
associated with those sides. Thus, a dummy feature could be 
defined as any type of polygon or even a more complex shape. 
[0061] In yet another embodiment, the dummy features can form a 
pattern. For example, one defined dummy pattern could be 
features 406/407/408 or features 409/410/411. Other embodiments 
could provide multiple dummy patterns including various feature 
shapes and sizes. Thus, in another example, another dummy 
pattern could be features 403/404 (Figure 4A) . Moreover, in yet 
another example, a dummy pattern could be a combination of 
features 403 and 406. Thus, to define a dummy pattern, an edge 

16 



NTI-024 PATENT 

of one feature having a first predetermined shape and/or size 
could be defined to be a fixed distance from another feature 
having a second predetermined shape and/or size. In some cases, 
the dummy pattern can be placed in some known relation with 
respect to features in an entirely different mask layer. 
[0062] In yet another embodiment, the proximity of one feature to 
a neighboring feature can distinguish a main feature from a dummy 
feature. A dummy feature can be defined as a feature positioned 
at least a predetermined distance from any neighboring feature. 
In one case, any feature positioned closer than the predetermined 
distance to a neighboring feature is then identified as a main 
feature. Figure 4C illustrates a mask layer 412 including 
features 401 and 413-414. In this case, features 401 and 414 
could be identified as main features, whereas feature 413 could 
be identified as a dummy feature. 

[0063] In some embodiments, dummy features are identified as 
those features outside the optical proximity effect range of 
other features. For example, in Figure 4C, feature 413 is 
outside of the optical proximity effect range of the other 
features, e.g. feature 401 and feature 414. In one variation of 
this embodiment, a halo the size of the optical proximity 
correction range is computed around each feature, wherein any 
feature whose halo does not intersect any other features and 
which is itself not intersected by any other feature's halo is 
considered a dummy feature. 

[0064] Note that the use of multiple definitions, which can 
include different techniques, can produce more accurate 
identification results than using a single definition. For 
example, Figure 5 illustrates a mask layer 500 including a 
feature 501. Note that feature 501 includes hammerheads 502 and 
503, which are known optical proximity correction (OPC) 
structures. Assuming the size of the feature is one definition 
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used to distinguish a main feature from a dummy feature (e.g. a 
main feature defined to have a width of 0.25 microns and a length 
of at least 2.0 microns) and the width of hammerheads 502/503 is 
greater than 0.25 microns, then feature 501 could be identified 
as a dummy feature. However, assuming the proximity of the 
feature to a neighboring feature (e.g. dummy features defined as 
features positioned at least a predetermined distance from any 
neighboring feature) is another definition used, then feature 501 
could also be identified as a main feature because of its 
proximity to features 504 and 505. 

[0065] Therefore, in a preferred embodiment, if one definition 
identifies the feature to be a dummy feature and another 
definition identifies the feature to be a main feature, then the 
feature is identified as a main feature. Note that using this 
conservative approach also results in features 504 and 505, which 
are also known OPC structures called assist bars, being 
identified as main features. This is a desirable result because 
assist bars have an extremely tight tolerance and therefore 
should be considered main features in any mask layer. In an 
alternative embodiment, OPC structures, such as hammerheads, 
serifs, and assist bars have separate identification definitions, 
which can be used after OPC correction has been done, thereby 
also improving the accuracy of main/dummy feature identification. 
[0066] In accordance with one embodiment, using multiple 
definitions can also correct misidentif ications due to defects. 
For example, mask layer 500 further includes features 504-507. 
However, feature 505 includes a defect 508. Once again, assuming 
the size of the feature is one definition used to distinguish a 
main feature from a dummy feature (e.g. a main feature defined to 
have a width of 0.2 5 microns and a length of at least 2.0 
microns) and if the width of feature 505 with defect 508 is 
greater than 0.25 microns, then feature 505 could be mistaken for 
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a dummy feature. However, assuming a feature pattern (e.g. where 
features 504-507 form a pattern) definition is also used, then 
feature 505 can be correctly identified as a main feature, 
thereby ensuring that the defect of feature 505 can be repaired 
during a mask defect correction process. 

[0067] Figure 6 illustrates a generic flowchart for using an 
identification technique in accordance with the invention. In 
step 601, a mask layer can be selected. In step 602, the 
technique or combination of techniques used to identify the 
main/dummy features on the mask layer can be provided. Finally, 
in step 603, the technique can be applied to the selected mask 
layer. 

[0068] Advantageously, using the identification techniques of the 
invention can significantly reduce the post -layout processing 
time associated with any mask operation. Moreover, by using the 
described multiple layer technique, geometrical technique, or 
combination thereof, any type of feature can be distinguished 
from another type of feature. For example, the definition for a 
main feature in a diffusion layer can be set to distinguish 
between the source/drain regions and the diffusion regions for 
VDD/VSS contacts. Thus, in accordance with one feature of the 
invention, the definition (s) set for a dummy/main feature can 
allow a one-level data file to function as a multi-level data 
file, thereby permitting the selective processing of features on 
that mask layer. 

[0069] Figure 7 illustrates a mask system in accordance with one 
embodiment of the invention. This system can include a dummy 
feature detection tool 701 that can interface with any one of an 
OPC tool 702, a PSM tool 703, a mask fabrication tool 704, a mask 
inspection tool 705, and a mask defect correction tool 706. 
Dummy feature detection tool 701, which can receive a GDS-II file 
as an input, typically includes a computer- implemented program 
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that can be run on a variety of computer platforms including: a 
PC using the Windows 95™ or NT™ 4.0 operating system with 128 MB 
of RAM and a 200 MHz Pentium Pro™ microprocessor, either stand 
alone or connected to a network, and a SUN™ workstation computer 
among others . 

[0070] In complicated and dense circuits in which the size of the 
features approach the optical limits of the lithography process, 
a mask can also include optical proximity correction (OPC) 
structures such as serifs, hammerheads, and assist bars. These 
OPC structures are designed to compensate for proximity effects 
on the mask. OPC tool 702 typically utilizes various process 
models, OPC rules, and techniques to incorporate OPC structures 
into a mask layout. In one embodiment, OPC tool 702 can receive 
dummy feature identification information from dummy feature 
detection tool 701, thereby limiting OPC to the main features of 
the mask layer. Optical proximity correction (OPC) tool 702 can 
include, for example, the iN-Tandem™ tool, the Photolynx™ tool, 
the SiVL™ tool, or the TROPiC™ tool licensed by the assignee of 
the invention. Applying OPC only to main features of the mask 
advantageously compensates for proximity effects on the mask 
while reducing the process time associated with this function. 
[0071] Phase-shifting typically places 0- and 180-degree phase- 
shifting structures onto a mask to significantly reduce gate 
lengths. In one embodiment, PSM (phase-shifting mask) tool 703 
can receive the dummy feature identification information from 
dummy feature detection tool 701 and use this information to 
automate the application of phase-shifting only to main features 
on the mask layer. PSM tool 703 can include the iN-Phase™ tool 
suite licensed by the assignee of the invention. To ensure 
maximum yield from a phase-shifted design, in one embodiment, PSM 
tool 703 can also apply OPC structures to any phase-shifted gate 
areas. Using the phase-shifted database, which can include the 
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dummy feature identification information, and preset OPC process 
rules, PSM tool 703 can automatically apply corrective OPC 
structures only to the main features determined to be outside of 
silicon tolerance. Applying PSM structures only to main features 
of the mask ensures desirable feature size reduction while 
reducing the process time associated with this complex function. 
[0072] Mask fabrication tool 705 transfers the final pattern on 
the mask layer onto the physical mask. Complex layouts are 
typically written onto a mask using an electron beam scanner. 
This scanner can use a raster scan or a vector scan. In the 
raster scan, the output of the scanner is moved in horizontal 
passes across portions of the mask and shifted an increment 
downwards after each pass. The spot size of the electron beam 
can be set small or large. In a vector scan, the electron beam 
is projected as various primitive shapes (such as rectangles and 
triangles) to form the desired feature. 

[0073] In one embodiment, if a feature on a layout is identified 
as a main feature, then a raster scan with a small spot size can 
be used to write the feature onto the mask. On the other hand, 
if a feature on a layout is identified as a dummy feature, then a 
raster scan with a large spot size can be used to write the 
feature onto the mask. In this manner, the identification of 
main/dummy features significantly reduces fabrication time while 
preserving process controls, such as critical dimension (CD) 
control . 

[0074] Mask inspection tool 7 05 includes an image acquirer, such 
as a scanning electron microscope (SEM) , a focused ion beam 
microscope, an atomic force microscope, or a near-field optical 
microscope. The image acquirer can also include a CCD camera 
capable of interfacing with the particular type of microscope 
used and digitizing the image information from the microscope. 
The image data can be stored in a format such as Windows BMP on 
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any type of appropriate media including a computer hard disk 
drive, a CDROM , or a server. 

[0075] Mask inspection tool 705 can further include a defect 
detection processor that controls the manner in which the image 
acquirer scans the layer. The defect detection processor 
compares the scanned images to a set of potential defect criteria 
and determines which areas of the layer contain potential 
defects. In one embodiment, the defect detection processor 
includes a computer running a program of instructions and 
interfacing with the image acquirer such that scanning of the 
layer is performed in a predetermined manner. Dummy feature 
detection tool 701 can provide additional instructions to such a 
defect detection processor, thereby ensuring that valuable 
resources are not wasted inspecting dummy features for defects. 
However, the image data can still include both dummy features and 
main features, thereby facilitating a complete analysis for a 
simulated stepper image (described below) . The defect detection 
processor can provide its output to a defect area image generator 
that generates images of the areas containing potential defects. 
[0076] A stepper image generator 707 can use these images to 
create a simulated image of the wafer, and then check mask 
quality and analyze printability of the mask defects. In one 
embodiment, stepper image generator 707 can include an input 
device for reading stored data, an image processor for 
identifying the intensity transitions of the defect area image 
(for phase-shifting regions) , and an image simulator to produce 
the simulated stepper image. Stepper image generator 7 07 can 
include, for example, the Virtual Stepper R System licensed by the 
assignee of the invention. 

[0077] Mask defect correction tool 706 can provide any standard 
correction procedure, such as a laser procedure for removing 
chrome spots or pattern protrusions as well as a deposition 
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procedure for selectively filling in missing chrome patterns. 
Mask defect correction tool 706 can receive dummy feature 
identification information from dummy feature detection tool 701, 
thereby limiting defect correction to main features and thus 
reducing the time to perform this process. 

[0078] In a standard process flow, GDS-II file 700, which is 
mapped into a mask data preparation (MDP) language or format, can 
be provided to OPC tool 702, PSM tool 703, or mask fabrication 
tool 704. If the file is provided to one of OPC tool 702 or PSM 
tool 703, then the output from that tool would typically be 
provided to mask fabrication tool 704. The output of mask 
fabrication tool 7 04 would then be provided to mask inspection 
tool 705. Finally, the output of mask inspection tool 705 would 
be provided to mask defect correction tool 706. As previously 
noted, input 700 could also be in formats other than GDS-II. 
[0079] Advantageously, because the dummy/main feature 
identification of the invention can be used for any post-layout 
process of the mask, each company performing a mask process can 
benefit from resource and cycle savings. For example, in 
accordance with one embodiment, a first company could perform the 
operations associated with OPC tool 702 and PSM tool 703, a 
second company could perform the operations associated with mask 
fabrication tool 704, a third company could perform the 
operations associated with mask inspection tool 705, and the 
second company could perform the operations associated with mask 
defect correction tool 706. Each of these companies could use 
the information from dummy feature detection tool 701 to achieve 
better process times. However, a company downstream would not be 
limited by an upstream company not using the information and vice 
versa. In this manner, the identification techniques described 
above provide maximum process flow flexibility while ensuring 
optimal times for each process. Logically, the more mask 
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processes including the dummy/main feature identification of the 
invention, the greater the total resource and cycle savings. 
[0080] In accordance with one embodiment, user input 708 can be 
provided to any system tool. User input 708 can include mask 
coordinates of dummy features identified or designated manually 
by the user. Thus, user input 708 can supplement or change the 
dummy identification information generated by dummy feature 
detection tool 701. User input 708 can also include selection 
information regarding the technique used to identify dummy 
features. In this case, user input 708 can be provided to dummy 
feature detection tool 701. In this manner, design-specific 
information known by the user can be factored into the automated 
process of the invention. 

[0081] As appreciated from the above description, the invention 
can be applied to any post-layout process in the design, 
fabrication, inspection, and repair of a mask layer. The 
invention has been described in reference to various embodiments. 
These embodiments are illustrative only and not limiting. Those 
skilled in the art will recognize modifications to and variations 
of the invention. For example, the ability to identify 
dummy/main features can allow the use of smaller dummy features. 
Smaller dummy features could improve, for example, the CMP or the 
resolution of the main features on the integrated circuit layer 
and could allow for denser packing of features on the integrated 
circuit. Note that the invention is equally applicable to next 
generation lithography (NGL) equipment, which can include, for 
example, DUV, EUV, x-ray, and e-beam equipment. Further note 
that the invention can use any known physical relationship 
between features to identify the dummy/main feature. For 
example, the resistance between two nodes, the capacitance as 
determined by spacing and area of adjacent features, and the 
critical path as determined by measuring resistance and 
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capacitance can also be used for identifying features. 
Additionally, although the invention has been described in 
reference to distinguishing between dummy and main features, the 
invention is equally applicable to defining multiple physical 
criteria or functional associations, wherein geometries of 
interest can be partitioned into two or more categories. For 
example, criteria can be defined that separate the geometry 
identification into Main Feature 1, Main Feature 2, ... Main 
Feature N as well as Dummy Feature 1, Dummy Feature 2, ... Dummy 
Feature N. Moreover, the invention can automatically distinguish 
between many types of features, including primary features, 
secondary features, etc. or, more generally, to feature type 1, 
feature type 2, etc. Therefore, the invention is limited only by 
the appended claims. 
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